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AZOLE-BASED lONASE INMIBfTQRS 

FIELD OF THE INVENTION 

The present: invention relates to the field of inhibitors of proton tyrosine Idnases. 
BACKGROUND OF THE INVENTION 

S Protem kinases are a fairuly of enzymes that catalyse the phosphorylation of specific 
residues in proteins. In general protein kinases fall into several groups; iiiOBe which 
picferentialiy phosphorylate serine and/or threonine residues, those which preferentially 
phosphorylate tyrosine residues and those which phasphorylate both tyrosine and 
Scr/Thr residues. Ptotdn kinases arc therefore key elements in signal transduction 

10 pathways responsible for transducing extracellular signals, induding the action of 

cytokines on their receptors, to the nudei, tdggering various biological events. The many 
roles of protein Idnases in normal ceSl physiology indude cell cyde control and cell 
growth, differentiation, apopto^s^ cdl mobility and mitogeneeis. 

Protein kinases include, for example, but are not limited to^ mcmb^ of the Protein 

15 Tyrosine Kinase family (FlTCs), whidi in turn can be divided into the cytoplasmic FTKs 
and the receptor PIKs (RTKs). The cytoplasmic FIK5 indude the SRC family, (induding: 
BLK; FGR; FYN; HCK; LCK; LYN; SROYES and YSK); *e RRK Family (induding: BRK; 
FRK, SAD; and SRM); the CSK family (induding: CSK and CTK); die BTK f amfly, 
(induding BTK; ITK; TEC; MKK2 and IXK)^ "the Janus kinase family, (induding: J AKl^ 

20 J AK2, JAK3 and Tyk2), Ihe FAK family (induding, FAK and FYK2); the Fes family 

(induding FES and FER), the ZAP70 family (induding ZAP70 and SYK); the ACK family 
(induding ACKl and ACK2); and the Abl family (induding ABL and ARC), The RTK 
family indudes the EGF-Receptor family (induding, EGFRHERZ, HERS and HER4); the 
InsuhnReceptor family (induding E«-RandIGFl-R);fiiePDGP-Receptortonily 

25 (induding PDGFRo;. PDGFRp, CSFIR, KIT,. FUBC2 ); the VBGa?-Receptor family 

(induding; FLTl^ FLKl and FLT4); the FGF-Beceptor family (induding FGFRl, FGER?, 
FGER3 and FGPR4 ); the CCK4 family (induding CCK4); the MET family (including 
MFI and RON); the ITRK family (including TRKA. TRBCB, and TRKC); the AXL family 
(induding AXU MBR. and SKY); the TIE/TEK family (induding TIE and TIE^/'rElC); the 

30 EPH family (induding EPHAl, EPHA2, 1BPHA3, EPH A4, ]gPHA5, EPHA6, EPHA7, 
EPHA8, EPHOBl, EPHBi H«B3, EPHB4. EPHBS^ EPHB6); the RYK family (induding 
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3. 

RYK); the MCK family (including MCK and TYROlO); the ROS family {itiduding ROS); 
die RET family (including RET); the LTK family (including LTK and ALK); the ROR 
family (including RORl and ROR2); The Musk family (including Musk); the LMR family 
including LMRl, LMR2 and LMR3); and the SuKJlC106 family (including SuRliaoe)* 

5 Similarly^ the serine /threonine specific kinases comprise a number of distinct 
sub-families^ including; the extraoellular signal regulated kinases^ (p42/ERK2 and 
p44/ERKD; c-Jun NH2-cerminal kinase ONK); cAMP-respcmave element-Wnding protein 
kinases (CRHBK); cAMP-dependent kinase (CAPK); znliogen-activated protein 
kinase-actlvated protein kinase (MAPK and its ndaiives); stress-activated protein kinase 
10 p38/SAPK2; mitogen-and stress-activated kinase (MSK); protein kinases^ PKA. FKB and 
PKC inter aliiu 

Additionally, the genomes of a number of pathogenic oxganiems posdeds genes encoding 
ptotein kinases. For example^ ih© malarial parasite Plasmodium falciparum and viruses 
such as HPV and Hepatitis viruses appear to bear kinase related genes. 

Inflppiopiiately high protein kinase activity has been implicated in many diseases 
resulting from abnomial cxsllular function. This might arise dither diiectiy or indirecdy, 
fw example by failure of the pxTOper control mechanisms for the kinase, related for 
example to mutaQozv over-expression or inappropriate activation of the enzyme; or by 
over* or under-production of cytokines or gxowtih foctozs also partLdpatiing in the 
transduction of signals upstream or downstream of the kinase. In all of these instances^ 
selective inhibition of the action of fho kinase might be expected to tiave a beneficial effect 
Diseases where aberrant kinase activity has been implicated include: diabetes; restenosis; 
atherosderosis; fibrosis of the liver and kidney; ocular diseases; mydio- and 
lymphoprolifer ative disorders; cancesr sudi as prostate cancer, colon cancer^^ breast cancer, 
head and neck cancer, leuketkida and lymphoma; and/ auto-immune diseases such as 
Atopic Dermatitis, Asthma, rheumatoid arthritis/ Crohn's disease, psoriasiS/ Crouaon 
syndrome, achondxopla^a, and lhanatophoric dysplasia* 

The J AK family of protein tyrosine kinases (PTKs) play a central role in the cytokine 
dependent regulation of the proHforation and end function of several important cell types 
i 30 of the immune systiem. 



15 



20 



25 
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A di rect comparison of the four cuirentty known maOTmaHan JAK family members 
reveals the presence of seven highly conserved damcdns (Harpur ^tat^ 1992). In seeking a 
nomenclature far fhe highly conserved domains characteristic of fius family of PTKs, ihe 
dASsification U3ed was gvdded by ftie approadi of Pawson and co-woxfcers (Sadowdd et 

5 01, 1986) in thar treatment of the SRC homology (SH) domarrts. The domains have been 
enumerated accoidingly wilih most C-terminal homology domain designated JAK 
Homology domain 1 OHl)^ The next domain N-temimal to JHl is the kinase-related 
domain^ designated here as the JH2 domain. Each domain ia then enumerated up to the 
JK7 located at the N-terminus. The high degree of conservation of these JAK homology 

10 (JH) domains suggests tihat they arc each likely to play an important r<M in the cellular 
processes in which these proteins operate. Howefver, Oie boundaries of die JAK 
homology domains arc arbitrary, and may or may not define functional domains. 
Nonetheless, Ihelt delineation is a useful device to aid ihc cansideration of the overall 
structural similarily of this class of profcotns. 

15 The feature most characteristic of flie JAK f amUy of PTKs is the possession of two 

lanase-relatBd domains OHl and JH2) (Willcs etal, 1991). The putative PTK domain of 
JAKl OHl) contains highly conserved motifs typical of PTK domains, including fihe 
presence of a iyxo^e residue at position 1022 located 11 residues C-teiininal to 
sub-domain vn that is considered di«^gnostic of membership of the tyrosine^pedfic class 

20 ofprotein kinases. Alignment of tihe human JAKl PTK domain (255 amino adds)^ with 
other members of flie PTK dass of proteins revealed homology with other functional 
PTKs (for example. 28% identity with c-fes (Wilks and Kuxban, 1^66) and 37% homology 
to TRK (Kozma etal X9S8). Tlie JHl domains of each of flte JAK family members possess 
an interesting idiosyncrasy within the lughly conserved sub-domain VXH motif (residues 

25 1015 to 1027 in J AK2) tihat is bi^eved to lie close to the active aiti»^ and define substrate 
spedfidty. The phenylalanine and tyrosine re^dues flanking the conserved tryptophan 
in this motif are unique to the JAK family of FIKb. Aside from this element the JHl 
domains of eadi of the members of die JAK family are typical PlK domains* 

The central role played by the JAK family of pxotdui tyromne kinases in the cytokine 
30 dependent tegulation of the proliferatian and end function of several important cell types 
means that stents which inhihi t JAK are useful in the prevention and chemotherapy of 
disease states dependent on these ens^ymes. Potent and spedfic inhibitors of each of the 
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currently known four JAK family memben; wiU provide a means of inhibi fcing the action 
of those cytokines (hat dtive iittmune pattiologies^ such as asttvma (e.g. IL-13; JAICl, 
JAK2)^ and leukemta/lymphoma (e.g. IL-2: JAKl *n4 JAK3), 

Furfliermore, certain types of cafioer such aus pafostate canc«r develop autocrine production 
5 of certain cytokines as a selectable mechiardsm of developing growth and/ or metastatic 
potential. An example of this is cancer of the prostate, where JI--6 is produced by and 
stimulates the growtih Of prostate cancer cell lines duch as TSU and TC3 (Sptotto MT^ and 
C3kung TD, 2000). Interestingly, levels of ILr6 are elevated in sera of patients witli 
metastatic prostate cancer. 

10 A great deal of literature covers the area of cytokine signalling. The present inventors 
have focussed on the JAK/ STAT pathway that is involved in Ute direct connection of 
cytokine receptte to target genes (such as cell cyde r^ulatocs (e-g. p2t) md 
anti-apoptosis genes (such as Bd-Xj). 

The JAK/STAT Pathway 

15 The delineation of a particularly elegant signal transduction pathway downstream of tine 
non-protein tyroadne kinase cytokine receptors has recentiy been achieved. In this 
pathway the key components are; (i) A cytokine receptor diain (or chains) such as the 
titerleuIdn-4 receptor or the Interferon y receptor; (ii) a member (or members) of the JAK 
family of PTKs; (iii) a member(s) of die STAT family of transcription fectors^ and (iv) a 

20 sequence spedfic DNA element to which the activated STAT will bind. 

A review of the JAK/STAT literature offers strong support to the notion that this pafliway 
is important for the recruitment and marshalling of the ho$t immune response to 
environmental insults, ouch as viral and bacterial infection. This is weHl exemplified in 
Tabic 1 and Table 2. Information accumulated from gene knodc-out experiments have 

25 underlined the importance of members of Ae JAK fanrily to the intracdlular agnalling 
triggered by a number of important immune tegulatbiy cytokines. The thersrpeutic 
possibilities stemming from inhilntiiig (or enhandng) fiie JAK/STAT pafliway are thus 
largely In tite sphere of immune modulatioxv and as such arc likely to be promising drugs 
fcMP the treatment of a range of pathologies in this area. In addition to the diseases listed in 

30 Tables 1 and 2, Inhibitors of JAKs could be used as immunosuppresivc agents for organ 
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tran«3plants and autoimmune diseases such as lupus, multiple sclerosis^ rheumatoid 
arthritis/ Type I diabetes, autoiixrniunc thyroid disorders, Alzheamer's disease and oiher 
autoimmune diseases. Additionally, treatment of cancers such as prostate cancer by JAK 
intdbitors is indicated. 



COMS ID No: SMBl-00519830 



Received by IP Australia: Time (H:m) 17:08 Date (Y-M-d) 2003-12-03 



3-12-03; ie;5l ;BlaKe Dawson Waldron 



;G13 96763111 



#11/62 



7. 



Tabid 



Disease Tvpe 


Cell Typ«s Involved 


Characteristics 


Atopy 

Allergic Asttuna 

Atopic Dermatitis (Eczema) 

AUerglcRHxiitifi 


(Mast Cells 
(Eosinophils 

(T-Cetls 
(B"CeIIs 


T-cell activation of 
B-cells followed by IgE 
mediated activation of 
resident Mast cdld and 
Eosinophils 


Cell Medisisd Hypersemitivity 
Allergic Contact Demialiiis 
Hyperseitsitivity Ftieumoxulis 


(T-cdls 
(B-cells 


T-cell hypersensitivity 


Systemic Lupus Erythematosus 
(SLB) 

Rheomatoid Arthritis 
Juvenile Arthritis 
Sjogren's Syndrome 
Scleroderma 
Potymyoatiis 
AnkylOiaiiig Spondylitis 
Psc^riatic Arthritift 


Q^onOcyidS 
(Macrophages 
(Neutrophils 
(Mast Cells 
(Eosinophils 

\X-UUIS 

(B-Cdis 


Cytokine Prodvcfion 

(e.g.TNF,IL-l,CSF-l, 

GM-CSF) 

T-celt Activation 

J AK/ STAT activation 


Epstein Barr Virus (EBV) 
Hepatitis B 
Hepatitis C 

mv 

HTLVl 

Varicella-Zoster Virus (VZV) 
Human PapUloma Virus (HPV) 


Lymphocytes 

Hepatocytes 

Hepatocytes 

Lymphocytes 

Lymphocytes 

Fibrohlasts 

Epithelial cells 


JAK/STAT Activation 
JAK/STAT Activation 
JAK/STAT Inhibition 
JAK/STAT Activation 
JAK/STAT Activation 
JAK/STAT Inhibition 
TAK/STAT]bhlbiti[on 


Cancet 

Leukemia 

Lymphoma 


Leucocytes 
Lymphocytes 


(Cytokine production 
aAK/STAT Activation 
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Target Disease 


Cytoldna 


JAKfEunily 
member 


Strength o£ 
Assodaiion 




XL-4&TL-9 


JAKl &JAK3 


+++ 




IL-13 


JAK1&JAK2 






IL-5 


JAK2 






IL-4 


JAKl &JAK3 






lEN-a 


JAK1&IAK2 


+++ 


x*ooct Allergy 




TAKl & 1AK3 


+++ 


InflBiiimatoiy Howel 
Disease & Crohn's 
Disease 




T ATCl & TAK3 


+-M- 


Leukaemia And 
Lymphoma 




JAK3,JAK1& 
IAK2 


+++ 


Cutaneous 
Inflammation 


GM-CSF& 
IL-6 


JAK1&:JAK2 


+++ 


Immune Suppr^sidon 
By Solid Tumour 


OrlO 


JAK1&:TYK2 


++4- 


Prostate Cancer 


11^6 


JAK1.JAK2 
&Tyk2 


+-!■+ 



TaM&2: ESseas&iFQtenUanyTtefd&bleByJAK'BaaedDmgrh 
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SUMMARY OF THE INVENTION 

The present itwentors have found that a group of comppunds based upon the 
disubstituted pyrazine scaffold I, arfe inhibitors of tyrosine kinases. 

Accordingly, in a first aspect lite ptestsit mvcntion condsts in a compound of the general 
5 formula 



10 



or pharaiaceutlcally acceptable prodrugs, salts, hydrates, solvates, crystal torms or 
diastereomers thereot wherein: 

D is a heterocydic ring sdlected firozn: 



15 




R2 

where Xv Xa^ ^ X4 are opticoialBy substituted caibon, or one of Xi, Xj, X3. X* 
is nitl^(>gen attd Che rest are optionally substituted carbon; 

R2 is 0-3 substltuents independently diosen ftoni H halogen, C^^a\kyl, CB^ OCE^ 
OCHPa, CN, &ryh hetswyl, CwalkylOH, Ci^allcylNR3R4, Cwalkylhefcaiyl, OC,^ 
alkyl, OCi^^JkyimSBA, OCwalkylhetaryl, OC,^a1kylOH, CCtR3, CONR3R4, 
NR3R4 rdtco, 14R3COR4 NIl5CONB3R4r NRMSOgW, Cwalky]NE3COR4^ 
CwalkylNR5CONR3R4. Q^;alkylNR3SOJR4; 
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R4 are each independently Ci.4^kyl, CualkylOH, Ci^alkylNR19R20, 
alkyl cycloalkyl C,a cydohetalkyl, aayl C1.4 Alkyl^I^ hctaryl, Q^i 
alkylhetaryl, or m^y be joined to form an optionally substituted 3-8 
menibered (saturated or unsaturated) ring optionally containing an atom 
3 selected from 0,S,MR6; 

and R5 is selected from H, alkyl aryl or hetaryl; 

m is selected from C^alkyl^ Cwalky]NR19(R20, aryl hetaryl, C,^ 
alkyl atyl Cwallcfl hetaryl; 

R19, R20 artt each independently selected from H, Ci^alkyl; 

10 Rl is Hr Cm fitlkyl, Ci^cydoallcyl, or may form a 5-8 membered ring onto file ortho 

position of ring A; 

Qis abond, CHz^ alkyl; 

A is Btyh hetaryl optionaUy substituted with 0-3 subsfituGnts independenfly 
chosen from halogecv allqrl CF3, Odv NRSRftr aryl hetaxyl CMaryl 
15 C^etatyl CwSOkylNRSE®, CX::i^alfcylNR8R9, nltro, NR10Q^R8R9, NR8COR9, 

NR10C»NR8R9, NRaSC)!iR9, CO]^ 

R8 and R9 are caA independently H. Q-islkyl aiyl or togeflier fonn an 
optionally substituted 4-8 membetv&cl ring which may contain a heteroatom 
sdccfcEsd frcsm O, S, NRtl; 

20 RIO is selected from alkyl; 

Rll is selected from alkyl; 

W is selected from H Q^alkyl Ca^ialkenyl or may fenm a 5-S membered ring onto 
tihe ortho position of ring A; where Q^atkyl or Q..^aBtenyl may be optionaUy 
eubsiituted wlh Cwalkyl OH, OCj^alkyt NR12R13; 

25 R12, and R13 are eadi independently H, Q^alkyl or may be joined to fonn 

an optionally substltttted 3-8 membered ring optionally contmning an atom 
selected from O, MR14; 
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R14 is selected from alkyl; 

Y is 0-2 substituentB selected bam H, Cw alkyl NR1SR16; 

R15 and R16 are independently selected from H, Q^alkyL 

In a second espect the present invention consists in a composition campzising a earner 
5 and at lea$t one compound of the fixst aspect of the invention. 

In a third aspect iJie present in^*4ntion consists in a method of treating a tyrosine 
kinase-assodated disease staterihe method comprirfng administering a iherapeutically 
effective amount of at least one compound of the first aspect of the invention or a 
therapeutically effective amount of A cOmpositioii of fhc second aspect of the invention. 

10 DETAILED DESCaEOPTION OF THE INVENTION 

The present inventors have found that a group of compounds based upon the 
di substituted pyrszme scaffold t are inhibitors of tyrosine kinased. 

Accordingly, in a first aspect the present invention consists in a compound of the g^eral 
formula 



15 



or phEirmacealically acceptable prodrugs, saltsir hydrates, solvates, crystal fomis or 
diastereomers thereof, wherein: 

D is a heterocyclic ring selected hcmt 



20 
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where Xa^ X3, X4 are optionally eubsti teted carbon, or one of Xj, Xir Xg, X* 
is nitrogen and ititt rest optionally substituted carbon; 

R2 is 0-3 substitaents independenfly chosen from H halogen, Cw rfl«yljf CF^ OCFg, 
5 COffa, CN, aryl. hetaryt Q^aHcylOH, C,.4aU<yllSIR3R4, Q^alkyihetaryl. OC,.4 

alkyl OC,^yINR3R4. OCwalkylhelatyl, OQ^alkylOH. COJRS, CONS3R4, 
NR3R4, nitEo, NR30OR4. NR5CX>lsfR3R4v NR3SCyM> Q^€dlqrlNR3COR4. 
C,^aIkylNR5GONR3R4, C,^alkylNR3SCX8R4; 

R3, R4 are eadi indepGndenlly Q^alkyl. C„aUcyIOH, Q.4alkylNR19R20, 
10 Cm alkyl cydoalkyl, cyclohetelkyl, atyl^ Cm alkyUayi, hetaiyt 

alkylhetatyl/ or may be jcnned to foim an optionally substituted 3-8 
membered (saturated or ttnsaturated) ring optionally containing an atom 
selected from O, S, NR6; 

and R5 is selected from Ci^ iiTkyh «tyl or hetaiyl; 

15 R6 is selected from H, Qt.A&Tky\, C,^cakylNR19R20, aiyl, hetaryl, C,.* 

alkyl aryl, Q^alkyl hetaryl; 

R19, R20 are cadi independenfly selected from H, Ci^^&Skyh 

Rl is H, C^alkyU CwCydoalkyl, or may form a 5-8 membered ring onto tiie caiiio 
posiiion of zing A; 

20 Q is a bond/ CH2, Cj^i alkyl; 

A is aiyl^ hetaryl optionally substituted with 0-3 substitucnts independently 
chosen from halogen, alkyl, CF3, OCFs, CN, NR8R9, aryl^ hetaryl, Cj^aryl, 
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Q^ctaryl, Q^alkylMRSR^, OC,^ al]<ylNR8R9, nitro, NR10C,^NR8R9. NRSCOR9, 
NR10CONR8R9. NR8SO2R9, CONR8R9, CO2R8; 

RS and R9 are each independently H, alkyl, aryl or together fotm ^ 
Qpiionally substituted 4-8 mcmbcred aring which may contain a heteroatom 
selected from O, NRll; 

RIO is selected from Hr Q^alkyl; 

mi is selected from Q ^^^Y^; 

W is selected from U, Ci-4alkyl Ca-fialkenyl or may form a 5-8 membered ring onto 
the ortho position of ling A; where Q^alkyl or Q^alkenyl may be optionally 
substituted with C^alkyL Oft OQualkyl. NR12R13; 

R12; and R13 are each independenfly Cjnialkyl, or may be joined to fann 
an opIioniiUy subsdtixtcd 3-8 mcmbered ring optionally containing an atom 
selected from MR14; 

R14 is selected from H , eOkyl; 

15 V is 0-2 substituents selected from U, Q,* alkyl, NR15R16; 

R15 and R16 are independently sheeted from Q^alkyL 

Tn the above descdption it will be appreciated that; 

Cm alkyl means an unsubstttated or optionally substituted straight or branched 
alkyi chain 

20 Aiyl means unsubstituted or optionally substituted phenyl or naphthyl. 

Hctaryl means a unsubstituted or optionally substituted 5- or fr-membered 
heteroaromatic ring containing one or more hcteroatoms selected from Q, S, 

Cjfdoalkyl means a 3-^ membered satuxated ring 

Cydohetalkyl means a 3-& membered saturated ring containing 1-3 beteroatoms 
25 selected from QpS,NKl7, 



10 
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where R17 is Hr C,^alkyl, nryl, hetaryL 

Ih a further preferred exnbodlment the cx>mpound is selected from compounds of tiio 
general formula IL 

W 



17 



n 

or pharmaoeulically acceptable ]xrodrug&u saktB, hydrate^, solvates^ crystal icams or 
diasteroomers thereof, wherdzu 

D is a heterocyclic ring selected from: 



\-\> 



R2 

where Xi, Xar X^, Xi are opttoiuilty substituted cavborv or one of X„ Xa. X* 
Is N and the vest optionally substituted carbon; 

R2 is 0-3 subet^tuents independently cho©en from H halogen, Ci^alkyt CF3, OCF3, 
OCHF2, CN, aryl, hetaryl, C^alkylOIi Q^aIkylNH3R4, Cwalkylhetatyl, OQ^ 
alfcyl, OCi.4alkyINB3R4;r OC„aIkyIhetQryl, OCiHiaU«y>OH; CQjJRS, C30NR3R4, 
NR3R4, nitfo. NR3COR4, NR5CONR3R4;, NR3SO2R4, C,^lkylNR3COR4, 
C,.*alkyIISrR5CC:MSIR3R4> Q^ialfcylNRSSCgRft; 

R4 are each independently H. Cx-4 alkyl^ Q_4alkylOH^ CiuaIkylMR19R20, 
Q^aUcyl cycloalkyl. cydolietaUgrl, aryl, Cx^ alkylaryt hetaiyl, C,-a 
alkylhetaryl^ or may T^e joined to fimn an optionally substituted 3^ 
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15. 

iTiembered (satxirated or unsatturated) xixig optioiuOly containing an atom 
$et^ted from O, NR6; 

and R5 is selected from 1^ Cm alkyl^ atyl or hctaryl; 

TR6 is selected from H C^alkyV CMalkylNR19R2a aiyl hctaiyl C« 
5 alkyl aryl, C^allgfl het^tyl; 

R19, R20 are each independently selected from CMalkyl; 

Rl is Cw alkyl/ Q^cydoalkyl/ or may form a 5-S membered ring onto the orlho 
position of ring A; 

A is arj*^ helaryl optionally substituted wititi 03 dub6iituent& independcntty 
10 chosen from halogen, C„alkyl, CF^ OCt^ CN, aryl, hetaryl. C„aryL 

Q^hecaryl. Ca-, alkylNJMRA OQ^ sdkylNRSRa nitro, NRlOQ^NRaR©, NRSCOR9. 
NR10C»l^aR8R9, NR;KCyR9, CON 

R8 and R9 ate eadi independently H. C^ alkyl. aiyl or togeih^ form an 
opiianally substituted 4-8 membensd zing which may contain a heteroatc»n 
15 selected from O^S^NRll; 

RIO is selectied from Ci^ alkyl; 

Rll is selected from Hr Ci^aa;yl; 

W is selected from Et Ci^alkyt Cz^alkcnyl ormiv &am membered ring onto 
the ortho position of ttoig A; where C^alkyl or Q,«alkenyl may be optionally 
20 substituted Willi Cj^alkyl, OH OC^^alkyl, NK12R13; 

R12; and R13 arc each independently H, CMalfcyl, or may be joined to form 
an optionally siistituted 3-8 membered ring optionally containing an atom 
selected from S, NR14; 

R14 is selected from H Cj^ alkyl; 

25 Yis 0-2 subslituentfi selected from alkyl, NR1SR16; 

R15 and R16 are independently selected from H, Cwalkyl. 
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16. 

In the above description it wiJl be appreciated that 

Q^alkyl meaioe an imsubstituted or optiLonally substituted straight or biandied 
alkyl diain 

Aryl meaiiR unstibstituied or optioMlly substitatcd phenyl or naphthyl. 

5 Hctaryl means a unsubstitated or Optionally substituted 5- or 6-memben3d 

heterOOTomatic ring containing one or more heteroatoms selected from Q, N, S, 

Cycloalkyi means a 3-8 nuszhbered saturated ring 

CydoheCalkyl means a 3-8 membcied saturated ring coAtainiitg 1-3 heteroatoms 
seaectcd from O, S, lSrR17^ 

10 where R17 is H. C„ alkyl, aryU hetaryl. 

The compounds of tWs invention, itidude all conforniationai isomers (eg, ci& and trans 

isomet^). The compounds of tfie present invention have asymmetric centers and therefore 

exist in different enantiomeric and diastercsomeric forms. This invention relates to the vse 

of all optical isomers and stereoisomers of the compounds of the pxcssent inventioxv and 

15 mixtures thereof and to all pharmaceutical compositions and methods of treatment that 

may employ or contain them. In this regard, the invention indudes bofti (he B and Z 

configurations* The compounds of formula I may also exist as tautomers. This invention 

relates to tiic use of all sndn. fiautomers and mixtures (hereof. 

^ in a iihj^ ^ .... 

This invention also csnfcompasses pharmaceutical compositions contaming prodrugs or 

20 compounds of the formtda L This invention also encompasses methods of treating or 

preventing disordersthat can be treated or prevented by tihe inhibition of protein kinases, 
such as JAK comprLsing administedng prodn^e of compounds of tfae formtila L 
Compounds of formula I having &ee anunoj. amido, hydroxy or carboxylic groups can be 
converted into prodrugs* Etfodrugs indude cxnnpounds wherein an amino add residue/ 

25 or a pol3?peptide chain of two or more (eg> two, fliree or four) amino add residues which 
are covalently joined through pepOde bonds to free amino^ hydr<»cy and carboxylic add 
groups of compounds of formula L The amino add residues indude the 20 naturally 
occurring amino adds commonly designated by tlu«e letter symbols and also include, 4- 
hydroxyproltne^ hydroxylysin^ demosmev isodemosfiner 3-methylhistidinc, norvlin, beta- 
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17- 

dlardne, gamma-aminobvitync acid/ citrttllitie, homocsysteino, homoserine^ ornithine and 
methioine sulfone- Prodrugs also include compounds wherein carbonates, carbamates^ 
amides and alkyl esters which are covalently bonded to the above substituents of formula 
I through the carbonyl carbon prodrug sidechaixi. Prodrugs also include phosphate 
5 dCTivatlves of compounds of formula I (such as adds, salts of addS/ or esters) joined 
through a phosphorgs-oxygen bond to a bee hydroxy! of compounds of fimntila L 

In a still further preferred embodiment the compound possesses S chirality at !he chiral 
carbon beaiing W, wherrc W is alkyl. The compound can be used as a purified isomer 
or as a mixture of any tatio of isomers. It is however preferred that the mixture comprises 
10 at least 70%, 80%, 90%^ 95%, or 99% of the preferred isomer. 

In a second aspect the pnzscnt invention consists in a composition comprising a carrier 
and at least one compound of the first aspect of Ihe invcsntion, 

//oft 5t4jW^ 
In a third aspect the present invi^Clon consists m a method of twating a tyrosine 

Idnase-associated disease stat^ the method compriedng administering a therapeuticsdly 
15 effective amount of at least one compound of the first aspect of the invention or a 

therapeutically effective amoimt of a oampositian of tiie secsond aspect of the invention. 

In a further preferred embodiment the disease state involves JAKl, JAKi JAK3 or TYK2, 

In a preferred euibodhncsnt of the present inventicoi the disease state is selected from Qie 
group con^sUng of Atopy, such as Allergic Asthma, Atopic Dermatitis <Eczema), and 

20 Allergic Rhinitis; Cell Mediated Hypersensitivity, such as AUei^gJc Contact Dennatttis and 
Hypersensitivity Pneumonitis; Rheumatic Diseases, such as Systemic Lupus 
Erythematosus (SLE), Fhetmiatoid Arthritis, Juvenile Arthritis, Sjogren's Syndrome, 
Scleroderma, Polymyositis, Ankylosing Spondylitis, Psoriatic Arthritis; Other 
autoimmune diseases such as Type I diabetes, autoimmune thyroid d^Order^ and 

25 Alzheimer's disease? Viral Diseases, sudi as Epstdn Bair Virus (BBV), Hepatitis 

H^atitis C HIV, HTLV 1, VariceUa-Zoster Vims (VZV), Human Papilloma Virus (HPV), 
Cancer, such as Leukemia, Lymphoma and Prostate Cancer. 

As xised herein the term 'tyrosine kinase-assodated disease state" refers to those disorders 
which result &x»m aberrant tyromie kinase acHvityr in patticizlar JAK activity and/ or 
30 which are alleviated by inhibition of one or more of these enzymes. 



COMS ID No: SMBW0S19830 Received by IP Auslralla! Time (Him) 17:08 Date (Y-M-<*) 2003-12-03 

I 



3-12-03; 18:51 ;BlaKe Dawson Wsldron 



;ei3 96763111 



# 22/ 62 



141590333 

18. 

In further aspects the present invention provides the use of the compounds described in 
the preparation of medicaments for the treatment of JAK-associated disease states. 

As ta«ed herein titic term "JAKV "JAK kinase" or 7AK family" refers to protein tyrosine 
kinases which possess the charactexazing features of lAKO, JAK2, JAK3 and TYK as 
5 described herein. 

The present invention provides pharmaceutical compositions comprising at least oofte of 
the compounds of ttie present invention capable of treaBng a JAK-assodated disorder in 
an amount effective therefor, and a phaimaceutically acceptable vehicle or dfluent. The 
compositions of the present invention may contain other therapeutic agents as described 
10 below, and may be formulated^ for example, by employing conventional solid or liquid 

vehicles or diluents, as Vkrell asphannaceutical additives of a type appropriate to the mode 
of desired administraiion (for example, excipients, binders^ preservatives, stabilizers, 
flavors/ etc.) according to techniques such as those wdl known in Ifhe art of 
phamiaceutical formulation. 

15 The compounds of the present invention may be administered by any suitable means, for 
example, orally, such as in the form of tablets* capsules, grantxles or powders; 
siiblinguaUy; buccally; parenterally, such as by subcutaneous^ intravenous, intramuscular, 
ot intradstcmal injection or infusion techniques (e-g-, as sterile injectable aqueous or 
nonraqueous solulions or suspensions); nasally such as by inhalation spray; topically, 

20 such as in the form of a cream or (rintmenf; or rectally sudi as in the form of suppositories; 
In dosage unit formulations containing non-toxic pharmaceutically acceptable vehicles or 
diluents. The compounds may, for example, be administBred in a form suitable for 
immediate release or extotded release. Immediate release or extended release maybe 
achieved by the use of suitable pharmaceutical compositions comprising the present 

25 compounds, or, particularly in the case of extended release, by the use of devices sudi as 
subcutanexms implants or osmotic piunps* The compounds may also be administers^ 
Hposomally. 

In addition to primates, such a$ hu mans, a variety of other mammals can be treated 
acec»rdiilg to the method of the present invention. For instance^ mammals including, but 
30 not limited to, cows, sheep, goats, horses, dogs, cats, guinea pigSy rats or o^her bovine^ 



L 
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ovine, equine, canine^ feline, rodent Of murine species can be treated. However, the 
method can also be practiced in other species, such as avian species (e-g*. chickens). 

Diseases and conations associated with inflam mation and infection can be treated using 
the method of the present Invention, In a preferred embodiment, the disease or corndition 
5 is one in which the actions of eosinophils and/or lymphocytes arc to be inhibited or 
promoted, in order to modulate the inflammatory response* 

The subjects treated in tiie above methodsy in whom which J AK inhibition is desired, are 
mammals, including, but not limited to, cows, sheep, goats, horses, dogs, cat&, guinea 
pigs, rats or other bovine, ovine, equinci, canine, feline, rodent or murine spedes, and 
10 preferably a hum^ being, male or female- 

The terni "therapeuUcaUy effective amounf* means the amount of the subject compositian 
that will elicit the bido^cal or medical response of a tis^ueu system, animal or human that 
is being sought by the researcher, veterinarian, medical doctor or other dtnidan- 

7he term "composition" as used hcrwx is intended to encompass a product comprising 
IS the specified ingrediente in the spedfied amounts, as weU as any product whidx results, 
^MrecBy or indirecBy^ from combination of tfac specified ingredients in the spedfied 
amountB- By >harmaceuticalty acceptable" it is meant die carrier, dUuent or exdpient 
must be compatible with the other ingredients of the foraiulation and not deleterious to 
the tedpient thereof. 

20 The terms *'admint$tralion of and or "administering a" compound should be understood 
to mean providing a compound of the inventiDn to the individual in need of treatment. 

The pharmaceutical c»mposiiioxiB for the administration of the ccmipounds of ttiis 
invention may convenienfly be presented in dosage unit form and may be prepared by 
any of the methods well known in the art of pharmacy. All methods indude the step of 

25 biin^g the active ingredient into assodalion with the carrier which constitutes one or 

mote accessory ingrtxlicnts. In general, the pharmaceutical compositions are prepared by 
uniformly and intimately bringing the active ingredient into assodation with a liquid 
carrier or a finely divided solid carrier or botK and then, if necessary, shaping ttie iwoduct 
into the desired formulation. In the pharmaceutical oompoaition the active object 

30 c«smpound is included in an amount sufGdcmt to produce the defied cffijct upon the 
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pwce35 or condition of di^ases. As used herein, the term ''composition" is intended to 
encompass a product comprising the sspedfied ingredients in iiie specified amounts, as 
weU as any product which res-ults, directly or indirecfly/ from combination of ttie 
specified ingredients in iiie specified amounts. 

5 The phaimaceuiical compositions containing the active ingredient may be in a form 
suitable for oral use, for example, as tablets, troches, lozenges^ aqueous or ojJy 
suspensions, dispersible powders or granules, emulsions, hard or soft capsule^ or syrups 
or clixiis. Compositions intended for oral use may be prepared according to any metihod 
known to the art for the manufacture of pharmaceutical compcsiticms and such 
10 compositions may contain one or more agents ©elected firam the group consigtins of 
sweetening agents^, flavoring agents, coloring agents and preserving agents in order to 
provide pharmaceutically elegant and palatable preparations. Tablets contain the active 
ingKjdicnt in admixture with non-toxic pharmaceutically acceptable exdpients which are 
suitable for the manufacture of tablets. These exdpients may be for example, inert 
15 diluents, such as calcium carbonate, sodium carbonate, lactose, caldimi phosphate or 
sodium phosphate; granulating and diantegrating agenfcS/ for example, com starch, or 
al^c add; binding agents, for example sfcardi, gelatin or acada, and lubricating agents, 
for example magne^um stearate, stearic add or talc The tablets may be uncoated or they 
may be coated by known tedmiqued to delay diMitegration and absorption in the 
20 gastrointestinat tract and thereby provide a sustained action over a longer period. Por 
sample, a time delay material such «s glyceryl monostearatc or glyceryl distcarate may 
be employed- They may also be coated to forai osmotic therapeutic tablets for control 
release* 

Fmmulations for oral use may also be presented as hard gelatin capsules wherein the 
25 active ingredient is mixed, with an inert solid diluent for example, caldum carbonate, 
caldum phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
mixed with water or an oU medium^ for example peanut oil, liquid paraffin, or olive oiL 

Aqueous suspensions contain the active materials in admixture with exdpients suitable 
for the manufacture of aqueous suspensions, guch exdpients are suspending agents, for 
30 example sodium carbox3anethylcellulose, methylcellulose, 

hydroxy-propylmethylcellulose^ sodium alginate, poly vinyl-pyi^>N:>lidone, gum tragacanth 
and gum acada; dispersing or wetting agents may be a natttfally-<>ccurring phosphatide. 
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for example ledthixv or condensation products of an alkytene oxide wife fiatty adds?, for 
example polyojgrethylene stcarate, or condensation products of ethylene oxide wife long 
diBdn aliphatic alcohols, for example heptadecaefeylcneoxycetanol. or condensation 
prodticte of efeylene oxide wife partial esters derived from fatty adds and a hexitol such 

S as polyoxyefeylcne sorbitol monooleatCy or condensation products of ethylene o?dde wife 
partial esters derived from Jatty acids and hexltoJ anhydridesi, for example polyefeylene 
sorbitan monooleafe The aqueous suspensions may also contmn one or more 
preservatives, for example efeyl, or n-propyL p-hydroxybenzoate, one or more coloring 
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose 

10 or saccharin. 

Oily suspensions may he formulated hy suspendii^g fee active ingredient in a vegetable 
oil for example aradds ojL olive oil, sesame oil or cocont4t oil^ or in a mineral oil such as 
liquid paraffin. The oily suspensions may contain a feickening agents for example 
beeswax, hard paraffin or cetyl alcohol- Sweetening agents sudi as feose set forth above^ 
15 and flavoring agents may be added to provide a palatable oral preparatioiu These 

compositions may be preserved by fee addition of an anti-oxidant such as ascorbic add, 

Di^persible powders and granules suitable for preparation of an aqueous suspension by 
the addition of water provide fee active ingredient in admixture wife a dispersing or 
wetting agent suspending agent and one or more pxcservatives. Suitable dispersing or 
20 wetting agents and suspending agents are exemplified by feose already mentioned above. 
Additional exdpients, for example sweetening, flavoring and coloring agents, may also be 
present. 

The pharniaceuticHl compodtions of fee invention may also be in fee form of oil-in-water 
emulsions- The osly phase may be a v^etable oil, for example olive cdl or aradiis oil^ or a 

25 mineral oil, for example liquid paraffin or mixtures of ti^ese. Suitable emulsifying agents 
may be naturally- occurring gums^/ for example ^um acada or gum tragacanfe^ 
naturaIlyK>ccurring phosphatide©^ for example soy bean, ledfeiit, and esters or partial 
esters derived from fatty adds and hexitol anhydrides, for example sorbitanmonooteate^ 
and condensation products of fee said partial esters wife efeylene oxide, for example 

30 polyoxjrefeylene sorbitan monooleate. The emulsions may also contain sweetening and 
flavoring agents. 
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Syrups and dixirs may be formulated with ewGctenmg agents, for examplG glycerol/ 
propylene glycol, sorbitol or sucrose* Such formulations may also contain a demulcent a 
preservative and flavoring and coloring agcsnts. 

Thfi! pharaiaceutical cxampoations may be in the form of a sterile injectable aqueous or 
5 oteagenous suspension, Hiis suspension may be formulated according to iihe known art 
using those suitable dispersixig or wetting agents and suspending agents which have been 
mentioned above. The sterile injectable preparation may also be a stczile injectable 
solution or suspension in a xion-toxic parcntcrally-acceptable diluent or solvent for 
ejmnple a9 a SotuWon lA l^butane diol. Amotig the acceptable vehicles and solvents thAt 
10 may be employed are water, Ringer'^ solution and isotonic sodium chloride solution. In 
addition, sterile, fixed crfls are conventionally employed as a solvent or suspending 
medium* For this purpose any Wand fixed oil may be employed including synthetic 
mono- or diglycerides. In addition^ fatty acids such as oleic add find use in the 
preparation of ix^ectables* 

IS The compounds of Ifae present invention may also be administered in the form of 

suppositories fpr rectal adrt^inistration of the drug. These compositions can be prepared 
by mixing the drug with a suitablcs non-irritating excipient which is solid at ordinary 
temperatures but liquid at the rectal temperature and wiU therefore melt in the rectum to 
release flic drug. Such materials are cocoa butter and polyethylene i^ycols. 

20 For topical use^ creams^ ointments, jellies, solutions or suspensions^ eta, containing the 
compounds of the present invention are employed. (For purposes of this applicatioa 
topical application shall include mouthwashes and gargles.) 

The compounds of the present invention can also be administered in ftie form of 
liposomes. As is known in the art liposomes are generally derived ftrom phosphdUpids or 

25 other lipid substances. Liposomes are formed by mono- or multilamellar hydrated liqtdd 
crystals that arc dispersed in an aqueous medium. Any non-toxic, physiologically 
acceptable and metabolisable lipid capable of forming liposomes can be used. The 
present compositions in liposome form can contain, in addition to a compound of the 
present invention, stabilisersir preservatives, exdpients and die like. The preferred lipids 

30 aare the phospholipids and phosphatidyl cholines, both natural and sjmthetic Metiiods to 
form liposomes are known in tiie art 
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The pharmaceutical composition and method of the present invention may further 
comprise other Ihcrapeutically active compounds as noted herein which are usually 
applied in the treatment of ihe above mentioned pathological conditions* Selection of the 
appropriate agents kn: use in combination therapy may be made by one of ordinary skill 
S in the art according to conventional pharmaceutical principles. The combination of 
iherapeutiic agents may act synergisdcally to effect the treatment or prevention of the 
various disorders described above. Using this approach one maybe able to achieve 
iherapeutic efficacy vrifli lower dosages of each agent, tihus reducing the potential for 
adverse side effects. 

10 Bxamples of other th^apeutic agents incttcde the following: 

cyclosporins <e-g.^ cyclosporin A), CTLA4pI& antibodies such as ICAM-3, an1i-ILr2 
receptor (Anti-Tac), anti-CD45RB, antf-CD:?, anti<T>3 (OKT-S), anti-CIX antl-CD80, 
ana-CDS6, agents blocking flie interaction between CD40 and gp39, such as antibodies 
spedfic for CD4D and/or gp39 (te., CD154X fusion proteins constructed from CD40 and 

15 gp39 (C3D401g and CDSgp39), inhSbitors^ such as nudcar translocation inhibitors^ of 

HF-kappa B function^ such deoxyspergualin (DSG), cholesterol biosynihesis inhibitors 
such as tJMG.GoA leductasc inhibitors (lovastatin and simvastalin), non-sberptd?! 
antiinflammatory drugs (NSADDs) such as ibuprofen, aspirin^ acetaminophen and 
cyclooxygenase inhibitors such as rofeooxib, steroids such as prednisolone or 

20 dexamethason^ gold compounds^ antiproliferative agents sudi as mefhotrcxate, FKS06 
(tactolimuti^ PrograO/ mycophenolate mofetU^ cytoto!xic drugs such as azathioprine, VP- 
16, etjoposide;^ fludarabine, cisplatin and cydophosphamide, 'iVlf- inhibitors such as 
tenidap^ anti-TNTF anybodies or soluble TNF receptor, and rapamydn (sixblimua or 
Rapamune) or derivatives thereof. 

25 When other fherapeulic agents are employed in combination with tihe compounds of the 
present invention they may be used for example in amounts as noted in the Phyddan 
Desk Reference (PDR) or as otherwise determined by one of crdinary skill in the art 

In the treatment or prevention of conditions which require protein tyrosine kinase 
inharitian an appropriate dosage levi^ will generally be about 0.01 to 500 mg per kg 
30 patient body weight per day which can be administered in single or multiple doses. 
Preferably^ the dosage level will be about 0.1 to about 250 mg/ kg per day; more 
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24. 

preferably about 0.5 to about lOO mg/kg per day, A suitable dosage level may be 'about 
0,01 to 250 mg/kg per day, about O.05 to 100 mg/kg per day, ca: about 0,1 to 50 ittg/kg per 
day. Within this range th6 dosage may be 0-05 to 0-5, 0.5 to 5 Or 5 to 50 mg/kg per day. 
For oral administration^ the eorntposilioiis are preferably provided in the form of tablets 
5 containing 1-0 to lOOO milligrams of the active ingredient;, parHcularly 1,0, 5.0, 10.0, 15.0. 
20A 25.0. 50-0, 75.0, 100.0, 1SO.0, 200-0, 250.0, 300.0, 400.0, 500.0, 600.0, 750.0, 800.0, 900.0, 
and 1000.0 milligrams of the active ingredient for the ssymptomatic adjustment of the 
dosage to the patient to be treated- The compounds may be administered on a regimen of 
1 to 4 times per day, preferably once or twice per day. 

10 It will be understood, however, that the spedfic dose level and frequency of dosage for 
any particular patient may be varied and will depend upon a variety of factors incItJd^r^g 
the activity of the specific compound employed, the metabolic stability and length of 
action of that compound, the age, body weight, general health, &exr diet mode and time of 
administration, rate of excretion, drug combination^ the severity of the particular 

IS condition, and the host undergoing therapy. 

Throughout this spcdfication Che word "comprise'V or variations such as "comprises" or 
"comprising", will be understood to imply the incluaon of a stated dement;, integer or 
step, pr group of elements, integers or steps, but not the exclusion o£ any other clement;, 
integer or step, or group of elements^ integers or steps* 

20 AH pubKcations mentioned in this specification are herein incorporated by rcfierence. 

Any discus^on of documents^ actS/ materials, devices, articles or the like which has been 
induded in the present specification Is solely for the purpose of providing a context for 
the present invention. It i© not to be taken as an admission that any or ail of these matters 
form part of the prior art base or were common general knowledge in the field relevant to 
25 the present invention as it existed in Australia before the priority date of each claim of this 
application. 

In order that the nature of HiA present invention may be more dearly understood 
prefesMd forms thereof will now be described by refcience to the following non-limiting 
Examples. 

30 EXAMPLES 
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MATEIUALS AND MKTHODS: 

Compoxinds are generally prepared in a 2-step proccsss stsirdng from 
J3(,6-didiloropyrazme. 

5 The fiist step is a nudeopHUc aromatic substitution to generate a monoamino-monohaJo 
intermediate. (Scheme 1). 

Scheme 1 

The nudeophilic aromatic substitution is typicalJy canied out by addition of a primary 
10 amine to the dl-halogenated heterocydc in a solvent such as ethanol/ isopropanol, 

tert-butanoli dioxanc, THF^ DMF, toluene or xylene. The reaction is typically performed 
at elevated temperature Itx the presence of gxgcbs amine or a non-nudeophilic base fifuch as 
triethylamine or diisopropylethylamine, or an inoxs^ic sudi as potas^um carbonate 
or sodium carbonate. 

15 Alternatively, the amino substituent may be inlrodttced through a transition metal 

catalysed axninatidn leadion. Typical catalyst systjems for sudt trax^fOrmations indude 
Pd(OAc)2/P(t-Bu}3, Pda(dba)5/BINAP and Pd(OAc)i/BINAP. 

The amines employed in the first step of the synthesis of these compounds are obtained 
commercially or arc prepared using methods well known to thosSMS^ skilled in the art. Of 

20 particular interest are -mefhylbeni^lamines -whidi arc obtained commerdally car may be 
prepared through cedvcUon of oximes (Sdiexnc 2). Typical xeductants indude lithium 
aluminium hydride, hydrogen gas in the presence of catalytic palladium on diarcoal^ Zn 
in the presence of hydroddoric add, sodium borohydride in the presence of a Lewis add 
audi asTia,v ZrQ^, NiQ^ and M0O3, or sodium borohydride in con|unction with 

25 Aniberlyst HIS ion exdiange xesin and lid. The oximes are obtained in one-step from die 
corrcspoxidtng ketones through condensation with hydroxylamine. This reaction is 
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26. 



generally performed in a protic solvent such as water or cthanol, at temperatures from 
ifC to reflux. The hydroxylamine is generally used in the form of its hydrochloride salt 
and therefore the reaction is performed in the presence Of a bA$e SUCh « sodium 
hydroxide. The ketones employed as starting materials are generaUy obtained 
5 commerdally or v^a procedures weU known to those skilled in the art. 




Scheme 2 



Ofr-Mefliyl ben^ylamines of high optical purity may be prepared from chiral a-mcihyl 
benzyl alcohols using methods well known to those skilled in die art. Such methods 

10 Indude dexivatisatiofi of the hydroxy! as a mesylate or tosylate and displacement wilh a 
nitrogen nudeophile, such as phtitialimide or asade which can then converted to ihe 
primary amine using conventional synthetic methods; or, displacement of the hydroxyl 
with a suitable nitwgen nudeophile under Mitsuufkobu conditions. The chiral a-methyl 
benzyl alcohols may be obtained through dural reduction of ihe corrcsptmding ketones, 

15 Chiral redudng methods are now well known in <»ganic chemistry and include 

ertqrmatic processes, asyramebichydrogenaiion procedures and diiral oxazoborolidines. 

The second step of the synthesis involves a nucteophilic aromatic substitution reaction Of 
the monochlofo- mono-aminp pyraiane with bcnadinidaaole or Indazoic. The reaction is 
typically performed uang a salt of tiie berudmidazole or indazole in solvents sudi as 

20 fcetrahydrofurarv dimcthylfonnarnide^ toluene^ or ?^Icne from room temperature to 

reflux- "The benzbnidazote or indazole salt is prepared by reaction with a metal hydride 
such as sodium or potassium hydride or by reaction with caelum carbonate. 
Alternatively, a metal-catalysed coupling reaction can be used to introduce the 
benzimidazole or indazole ring. The reaction is typically performed using a base such as 

25 caesium carbonate^ rubidium carbonate, potasaum carbonate^ sodium tert-bufcoxide or 
potassium phosphate in a solvent such as xylene^ toluene* and DMF from room 
temperature to reflux. Auxiliary reagents such as pha^e transfer agents (eg, ccfaimonium 
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bromide) or copper complexing agents (e.g. phenanthroline) may al60 be employed in the 
reaction* 

thebenziixudazole or indazole components used in this reaction ate obtained 
COnmMSTdedly or are prepared from conmierdally available benzimidazoies or Indazoles 
5 via techniques well known to those skilled in tihe art. 

Alternatively^ a benziinidazx3lc ot indazole denvative may be reacted with liie 
monD-amino mono-cWof o pyrasstee and the subsec|uent product fiirtiher derivatised using 
methods well known to those sldlled in the art* 

Repiiesentaiive Syntheses arc rcparfced below. 
10 Example 1 




A solution of S<-)-l-(4-flgorophenyl)-ethylainine (5-0 35,9 mmol), 2,6-dichIoropyra2ane 
(5.90 g. 39^ mmol), diifiopropylethylamlne (12.5 71.8 mmol) in ethosqrethanol (25 mL) 

15 WAS heftted at 135*C under N2 overnight- The solvent was removed in ncua and Ihe 
residtie washed with HaO (2 x 30 mL) and dried (Na^^J. The solvent was removed 
under reduced pressure and the reddue ttitwrated wilh hexanes (2 x 10 mL) to ^ve a Hght 
brown solid. The washings were combined, concentrated and the residue obtained 
chromatographed using ethyl acetate-hexane (1:4 - 1:2) to separate solid product which, 

20 combined with the original solids, gave the total product (7.07 g, 78%). 

^n-^m.t. (CDOa) Sl^ (d 3H, /= 6.8 H?, CH^), 4.81^94 (nv IHt CB), 5-05 (m, IH, NH). 
6.98-7.07 (m, ArH). 7,29-7.36 (m, 2H, ArH), 7*60 (s, lH pyraz-H), 7-80 (s, IH 
P3nra2-H). 

Example 2 
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28. 

$-(lH-Benzinudazol-l-yV-N-baveyIpyra2dn-2-^mine 




To 51 stixred solution of benzairddazdlc (130 mg, 1.1 mmol) in anhydrous DMF (5 ittL) at 
O^C lender N2 was added sodium hydride (56 nig, 60% dispersion In ofl, 1.45 mmol) in 

5 portions ov(» 2 rnin* The xnixture was stirred at 0**Cf^ To 
this was added a solution of (6-cWoio-pyrazin-2-ylHl-benzy l)-aimnc (220 mg) in DMF <5 
mL) and the resttliing mixtuie was then heated at reflux for 18h. The DMF was removed 
under reduced pressure and title residue dEuted with ehlorofbrm. The organic layer was 
washed with water, dried (NajSOJ and the solvent removed under reduced pressure to 

10 furnish die crude prodtACt. Column chrcMiiafcography using didiloromethane-methanol 
(20:1 10:1) as eluant separated the product (lOOmg). 

^H-n.m.r, (CDQg) 54.66 (d, 2H. 5.7Hz, CH^\ S3S (m, 1 H. NH)^ 7^29-739 (m, TH, ArH), 
7J^7JB9 (m, 2H. ArH), 7.92 (s, IH, pyxaz-H), 8.16 IH, pyraz-H). 8,48 (s, la ArH2). 

m/z(ES)302(M*+H)- 

15 Examples 

l'^&ChIortg3^a^n'2'yI)^lH^ and 




o 
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29, 

A n^ixture of 2/6-dichloropyra^ine (2.0 13.4 jcptysoI), lH-benzJ.midazole-5-catboxamide 
(2.0 123 mmoli) and cesium carbonate (5-6 g, 17.2 mmol) in DMF (10 jml.) was heated at 
90^C iot 3h, The solution waa cooled to RT and diHtited with ethyl acetate (20 mL) and 
filtered. The solid material was wa^ed with cbloroform-methanol ClOmL, 4:1) and the 
combined fUtrates concentrated In vacvto^ The residue ihus obtained (3.02 g) was used 
without further purification. 



1 in/^iMD 273/275 {M^l) 

I 



Example 4 

10 l^(^g~cMampj^azin-2-yJJ''lH^b^w 



O 




An approximately 1;1 mixture of l-(6-chlcxropy3razin-2-ylHH-beiXidn:dd^^ 
carboxamide and l-(6<hloropyra5!tn-2-ylHH'ben2amida2Kite-e-c^ (0*3 1,09 

mmol) and thionyl ddoridc (0.3 ml» 33 mmol) inbenzene (3 mL) was heated under reflux 

15 overttfght. Upon cooling to RTlhe^lution was poured onl^ and the resultant 

mixture basified to pK -11 wi A solid TsIa^COft. The mixture was then extracted with ethyl 
acetate (2 x 20 mL) and the combined organic layers washed with brine and dried 
(NftiSO^), The solvent was removed in race/a and the residue purified by column 
chromatography using dichloromelihane^methanol (100:0 - 96:4) as eluant to give the 

20 deedred product as a mixture of isomers (135 mg). 

m/jsiEl} 255/237 (M+1) 
Example 5 
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30. 




In a ptocedure analogotts to example % reaction of 

6-dJoro-N-[(liS-l-phfinylelhylJpyrarin-2-«^ (240mgr 1.03mmol) and benziinidazole 
(ISQmg, l.lQmmol) furnished the product (lB7m^ 59%). 

*H-n,inar. (CDCIO 51.63 (d, 3H, /= 6.6H^ CH^), 4.98-550 (ttv IH. CH), 5^ (d. IH. 
>6,0Hz, NH), 73S-7A^ (ttV Ph-Ht ArH), 7^ (dd, IH,/- 7,2, l-OHz;, ArH), 7.82 (dd, 
IH,/- 8.0, 1.2Hz;, ArH), 7.87 (3, IH, pyi^-H). 8.11 (s^ IH, pyraz-H), 8^ (s, IH ArH). 

iW/js (ES) 315 (M*+HX 21?, 105- 

Example 6 





In a procedure analogous to example 2, reaction of 6-chloro*K-[(l^l- 
phenyIefchylIpyrazin-2-airimc (140 mg, 0.60 mnio)) and benzimidazole (78 mg> 0.66 minol) 
15 ftatnished the product (71 mg, 38%), 

*H-nm jr. (COa,) 81.57 (d, 3H, 6.aHzr CH3), 4-95 (nru IHt CH). 5J29 (d, IH >6X)H2;. 
NH), 7.19U7.35 (m, 7H, Ph-Ii ArH), 5^.63-7.66 (m, IH, ArH), 7.74^737 (m, IH, Art^ 7.78 (s, 
IH, pyrass-H), 8.06 (s, IH, pyraz-H), 8.31 (s, IH, ArH). 

jnACBS) 316 (M^+H), 212, 105 

20 Example? 
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In an anatogous fashicjn to example 1^ N-metfayl-N-[(lS)-l-phariyleaiyl]aiiiine (0-27 2-0 
mmol) was condemed with :^6-dichIoropyrazine (0^ gr 2.4 iximoIX to ftur^iiidi the desired 
5 product afi a li^t brown solid (192 mgr 39%). 

»H-n4n.r. (CDOa) 81.56 (d. aH./=-6AH3^, CH^), 4,81-4.94 (utv IH, CH),5.05 («v IRr NH). 
6.9S-7.07 fen, 2H ArH)^ 7.29^7.36 (itt, 2H. ArH)^ 7^0 (s. IH, pyraas-HX 7.80 (b. IH. 
pyraz-H). 

Exa«npl^ 8 

10 i'(g-/fl''(3-PluoropheityI)e^ 




In an axialcfioud fae^on to Example 3, 6-cWoro-N4W3-fluoix)phenyl)e<hylljp5ar 
amine (0J25 g, 1 mmol) was reacted with lH-benzimidassole-S«catboxamide (0.2 g> 1*2 



15 mmol) to afford the product a» a mixture of isomers. These were separated by 

dtiromatogmphy usuig dichlorometihane-niBthanol (98:2 - 92:8) as eluant to af fot d from 
the Ies9 polar fractions l-(6-{[l-(3-fluorophenyl)e1hyllatnino}pyra!dA-2-yl)-lH^ 
benzimida7X>le^carboxacnide (80 mg). 
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32. 

'H-n.m.r. (CDOa) 81.64 <d, 3H, /= 6.S Hz, CHj), 4.97-5.10 (in, IH, CH), 5.47 <d, IH,/- 62. 
m. NH), 6.90-6.99 (m, IH, ArH), 7.09-7.38 (m, 3H, ArH), 7.72 (dd, IH, / = 8.4, 1.6 Hz, 
AtH), 7.86 (s, IH, pyraz-H), 7A7 (d, lH,/= 8.4 Hz, ArH), 8.22 (s, IH, pyraz-H), 8.47 (s, IH 
ArH), 8.60 <<i, IH, /= 1.6 His, ArH). 

5 From the mote ^leir fcadions was isolated l-(6-{Il-{a-fluoiopheiiyl)eih.yl3aixunolpyraz}n- 
2-yl)-lH-bena!iitdda2ole-5-carboxainide (63 mg)* 

'H-njn.r.(CDCl3) SloSS (d,3H,/= 6.8 Hz, CHa), 4.94^.07 (ifl, lH,CE3),S^(d, iH,/- 6-6 
Hz,NH),6.90-738(av4H, AfH), 7.65 <d,lH, 7=9.0 Hz, ArH), 7.82 (dd, lH,/=8.8, 1.6 Hz, 
ArH), 7.93 (s, IH, pyraz-H), S.13 (s, IH, pyrazrH), 8.25 (d, IH, /= 1.4 Hz, ArH), 8.41 (s, IH, 
10 ArH). 

Example 9 




In an analogous procedure to that reported in Example 4, l-(6-{[l-(3- 
15 flu<>tophenyl)diiyllanuno)pyra2m-2-yl)-^ (80 mg, 0.21 

mmol) was reacted wifli phosphorus oxydhloride to a£Eord the product as a pale yellow 
\ solid (60 mg,dO%). 

j M-n.m,r, (CDCl,) 61.65 (d, 3H, 6,6 m CH J. 4.94-5.09 (m, IH. CS). 5,57 (d, IH, 63. 

\ Hz, NH). 6.92-7.12 (m, ArH)r 720-725 (m, IH, ArH), 7.35-7.46 (m, IH, ArH), 7^9 (dd, 

i 20 IH/^ 8.4, X.4 Hz, ArH), 7.8S (d, IH,/.- S.4 H2;, ArH), 7.94 (s, IH, pyraz-H), 8.12 (s, IH. 

j pyraz-H), 8^ (d, IH./- 1.4 Hz, ArH), 8^1 (s, 1H> ArH). 

I 

I Example 10 

t 

I 
j 

i 

J -- ^ 
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and 




In an analogous feshion to Example 1, an appn»din9tidy 1:1 mixture of l-(6- 
5 chIom3pyra^n-2-yl)-lH-bcnziinida2Kae-5^ and H6<hIoropynBdn-2-yl)-lH- 

ben2Sii»ida20le-6-carb<«idtrile (102 mg, 0.4 nraibi) was condawed with IJ^Ar 
tBttahjwinHBoquinolinc (64 mg, 048 mmol). The crude product was triturated witii cold 
ethyl acetate to separate 1-[6-(»/I-dmydroii«xiuMoliiv2(lH)-yl)pyraz3n-2-yJHH- 
ben!dmidazole-5-caibc»iitrile as an oif^hite solid (65 mg) 

10 ^H-njnjf. (CDOg) 83.05-3.11 (m, 2H, CH^, 3.9S4.02 &iw 2H CHj),4.85 (nw 2Ei CHj), 

7.25-7.29 fen, ArH), 7.61-7.68 (m, W AeM), 7.95 (d, IH &2 Hz^ ArH), 8.11^.21 (m. 
IH^ ArH), 8.16 (s, IH, pyraz-Hi, 8J23 (^ IH, pyuaz-H), 8.38 (m, IH, ArH), 835 (a, IH, 
ArH). 

Hie ethyl acetate wai^ux>gs were confiWned and concentrated a» wnaioto ftuxii&h l-[6-(3A 
15 dihydroteoquinolin-2(lH>-yl)pyra2inr2ryl>lH*enz^ (41 mg) 

'H-njnj. (CDCla) 53.07 (t, 2^/- 5.9 Hz, CHi), 3.97 (1; 2^/= 6.1 Hz, CHj), 4,84 (3, 2H, 
CHa), 7.24r7.32 (rp, 4H, ArH), 7.67 (dd, lH,/= 8.8, 1.4 Hz, ArH), 8.11-8Ja (nv IH, ArH), 
8.16 (s, IH, pyraa-H), 8.22 (^ IH, pyraz-H), 8.65 (s, IH ArH). 

Example U 
cBrbonitiilc and 
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In am analogous JEadhioo to Example 1, an approximately 1:1 mixture of 
5 €ilQropyrazin-2-yl)-m-benzimidazole^5-car^ and l-(6-chloropyra2in-2-yl)-lH- 
ben^dmidazole-^carbonitrile (100 mg, 0.39 mmol) was condensed with (1S>-1^2A4- 
tetrahydronaphihalcn-l--aiiune (69 mg^ 0.47 mmol). The product was obtained as a 
ndxturc of regioisomers which were separated by column chromatography uwng 
dichloiomethane-methanol (95:5) as eluant From tihe less polar fractions l-{6-[(lS)- 
1 0 1^2^3,4-tBtrahydronaphthalen-l-ylarmnoJpyrazin-2-yl}-lH-be3C^^ 
was obtained as a ydlow semS-^lid (26 mg). 

*H-n^. (CDCIg) 51,87-1.98 (m, 2H. CHA 2.04-2.18 (m, 2H, CHfeV 2.82-Z90 (m, 2H, CH^), 
5.18-5.30 (m> NH + CH), 7.14-7.23 (m. 31^ ArH)^ 732-7.38 (m, IH, ArH), 7j51 (dd, IH 
/- lA Hz. ArH), 7.94 IH, pyraz-H), 8-11 (d, IH,/- 8.2 Ha, ArH), 8.14 (s, 1H. 
15 pyraJT-H). 8.18 (d. IH,/« 1.4 Hz, ArH), 8.61 (s, IH, ArH). 

From the more polar fractions was isolated l-{6-t(lSHA3r4r-tetrahydronaphttiBlen-l- 
yIamino)pyrazin-2-yl^-lH-benzimIdazoleH5<^rboni (19 mg) 

iH-n.m (CDQa) 81.89^2.02 (m, 2H, CFI,), 2,10-2.20 (m, 2H. CHj). Z83-2.91 (m. 2H, CHa), 
5.25 (m, 2H. NH + CH), 7.15-7.35 (m, 4H. ArH), 7-62 (dd, IH, /= 8.4. 1.4 Hz, ArH), 7-91- 
20 7,95 (m, 2H, AtH + pyreus-H)^ 8.15 (a^ IH^ pyraa-H), 8^2 (to a, IH, ArH>^ 8.66 (ss, IBt ArH)* 

Example 12 
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To astiri^d suspenacincf benzimidazole^c^^ (S.Og, 30.8 mmol)mbena!€ne 

(25 inL) was added fliionyl chlcaidc (25 mL) dropwise at room temperature. To diis 

5 mixture was added DMF (0,1 mL) it was then heated imder reflux for 6h. Ben:cene 
and fliiOEnyl cWoride was evaporated off under reduced pressure and toluene (20 mL) 
added to titie ressidue. This was removed under reduced pressure and the add chloride 
thus obtdned suspended in tetrohydrof uran (20 mL). To this was the added 28% aqueous 
ammonia (20 mL) dropwise at O^C and the resultant mixture was then stiired at room 

10 temperature overnight. The precipitate was filtered and washed with cold HP to ^ve 
the primary amide as a brown solid (335 g)* 

*H.n,m,r- (drDMSO) 87^ (br s, IH. NH). 7.60 (d, IH. /- 8.4 Hz. ArH). 7.78 (dd, IH, /= 
8-4 and 1.6 Hsv ArH), 7.97 (br IH, CONH), 8.18 (br s, IH, ArH), 8.32 (br s, IH, ArH). 

'Example 13 

j^6-ff(l&}-lrphGnyIethylJanuno)pyrazm 
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15 



To a stirred solution of 5-am3bno-ben2Amidazole (290 mgr 2,2 mmol) in anhydrous DMF (10 
mL) undGr N2 was added caesium carbonate (980 mg) The resulting mixture was stSited 
at 70°C for 60 min- To this was added a solution of 

6^oro-N-((li?-l-phenyIethyl]pyrazin-2'a«riiie (470 mg) in DMF (5 mL) and the 
resulting mixture was then heated at refltJX for 4Sh. The DMF was removed under 
reduced preessurc and the residue diluted witih chlorofoi*m. The organic layer was washed 
wilh aqueous Na,CQv dried ^a;^4) and die sdvcnt removed under reduced pressure 
to furnish the crude product. Column dttomatography using dichloromethane-methanol 
(95:5 - 92:8) as elixant separated two fractions from unreacted starting material. The 
higher Rf fraction was assigiied as the 6-isomcr (276nng, 4^%)- 

*H-n.m.r. (CDa3> 61.64 (d, 311/=: 6.9Hz. CShl 2.90 (br b, 2H, NH^), 5.05 (m, IH, CH), 
5.21 (d, in NH), 6.70 (dd, lH./= 8,7, 2,lHz, ArH). 6.97 (d, 1H;/= 1.SHz, ArH). 7.28-7.43 
(w, 5H, Ph-H), 7,58 (d, lH,/= 8.4Hz, ArH), 7.84 (s, IH pyraz-H), 8,08 (s, IW, pyraz-H), 
8,21 (s, IH, AtH). m/z (E5) 331 (M>H), 

The lower fraction was assigned as die 5-isomer (ITQmg, 26%). 

*H-n.m.r. (CDQ^) 61.64 (d, 3H 6.9H2^ CH^l 2.S5 (br s, 2H. NH2), 5,01 (uv IH. CH), 5. 
19 (d. IH, NH). 6-70 (dd, IH /=» 2.1Hz^ ArH), 7.11 (d, IH, /- l.«H35, AtH), 7,29-7.40 
(m, 5H, Ph-H). 7.51 (d, Iti >8.7H^ ArH), 7.81 <s, iHt pyraz-H), 8-10 (s, IH pyra2:-HX 832 
(s^lHrArH). 

m/z(ES)331(M*+]H0. 
Example 14 
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37. 

To a stirred solution of 2-(bcnzylainino)-6-{5-anuno-facnzrauda2x>-l-yl)-^ (33 mg, 

O.lmmol) m anhydrous THF (2 mL) under N, was added trielhylamine (38 pi, 03 mmol). 
The solution was cooled at CC and to titus was added i»valic add (12 mg, 0.11 mmol) and 
EDC (23 mg, 0,12 mmol) and the resulting mixture titen sHnced at RT. After 64h the 
solution was diluted with MjO and tiic mixhafe extracted witfi CHOa (2 x 15 mL). the 
onnbined CMCgairic layers were washed wiiillO% aqueous NajCpj, dried (Na;^,) and liio 
solvent removed in vacuo. The residue was purified by wlumn chiomatography -using 
dlchloromethane^meflwnol (100.«) as duant to separate ttte pure product (15mg). 

'H-n-m.t. iCDO^ 5135 (s, 9H, SdW. 1.65 <d, 3^, /- 6.6Hz, OrQr 5-14 (^, IH, CH). 6.24 
(d, IH, 5.7Hz, ^fH), 7.13 (d, 8.7 Hz, ArH), 7J29-7.47 (m, 5H, ArH), 7.73 (d, IH,/ 

= 8.7 Hz, ArHD, 7.81 (a. IH. pyrtia-H>, 8.17 (9, IH, pyni»-H), 8.35 <a^ IH, 8.69 (s, IH, 
CX>NH). 

Example 15 




To a stimd soltitioii of 2-(5^cxrmeihylbeiMjylaiiiim)-^ 

ben2dmldasso-t-y1)-pyTa3dne (66 mg, 0:2 mmol) in anhydrous THF (2 mL) under was 
added triethylamine (41 mg, 0.4 mmol). The solution was cooled at 0"C and to Ihis was 
added acetyl chloride (17 mg, 0.22 mitiol) and the resulting mixture then stirred at RT. 
20 After 18h the solution was poured into water (30 mL) and the product extracted into 

chlorofcfm (2 h 20 mL). The combined organic layers were dried (Na:504) and the solvent 
removed under reduced pressure to furnish the crude product as a pale yellow solid. 
Coltmm chromatography using dicWoromethano-methanol (200:15) as cluant scparatcxi 
the product as a pale yellow solid (38 mg). 

25 ^H-nTO.r. (COas) (d, 3H, /=6.6Hz, CH3), 2.21 (s, 3H, CH3)/ 5-00 (m, iH OH), 5.43 (d, 
lH,/« 5-7Ha;, NH), 7^-7-38 (m, 5H, ArH), 7,49 id, IH,/- S.OHa^ ArH), 7.61 (d, 
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38. 

9.0H^, ArHX 7,74 (bt 6, IH, CONH). 7.84 (s, IH, pyx^-H), 7.90 (s, IH, ArUl 8.11 (s, U-i 
pyraz-H). 8.36 (s. lH ArH)* 

Example 16 

N'[7-(6-{[(mhJ-PhenyJethyiJainmo}pyTazinr2'^ 
5 methaneBtdfomandde 




To a stirred eolutLori of 2-(5KX-inethylbenaylamino)-^(5-ain^ 

pyreiadite <33 itig. 0,1 ittmol) in anhydroiw THF (2 itiL) under Nj was added triethylamme 
(40 mg, 0-4 mmpl). llie solution was ooolcd at O^C and to t}ii$ wa^ added 

10 mettianesulphonyl chloride (25 mg, 0.2 mianol) and the resuliing mixture then stirred at 
RT, After 16h Ifte solution was pow^M into water (30 mL) and ih^ product extracted into 
chlorofonn (2 x 15 mL). The combined organic I ayers were was washed with 10% NaaCQg, 
dried (Na^SOj and the solvent removed under reduced pressure to furnish the crude 
product as a pale yellow solid. Column chromatography, using 

15 dicUoromethane-methanol (100:6) as eluant; separated the product ficom the most polar 
fractions as a pale y^iow solid (16mg). 

^H-n.m.n (CDQr^ S1.65 (d, 6.9 Hz. OU 3-00 (s, 3H. C3%)/ 3*02 Ontv IBt CHX 5,27 

(d, IH, 7=6.0 NHX 7.21-7.40 (m, 6H. ArH), 7.64 (d. IH./- 8.7 Hz, ArH), 7.69 (d, IH,/ 
= 1.9 Hz, ArH), 7,88 (s, IH, pyraa^H), S-10 (s, IH. pyraz-H), S.41 (s, IH ArH). 

20 Example 17 

pymsdna 
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39. 




A saluHon of 

3-[6-(S^meihylbEiwylaimno)-pyra2an-2-y^^ 

N-meiiiylpipera2dnylaixude (22mg, 0*05mmol> in dry THF (ImL) was added to a 
5 suspension of Li AlH^ (4mg, 0.1mmol) in THF (ImL) and the tnixtum heated at reflux for 
Upon cooling to RT, flic solution was treated consecutively with H2O (ImL), aqueous 
NaOH (imL. 2M) and H^O (SmL). Umi resulting mixture was ©<tracted with CHQa (2 x 
lOmL) and the combined organic layers dried O^Ta^*). The solvent was rravoved under 
reduced pressure and the product purified by fladi diromatography using CHaaa-MeOH 
10 (10:t -> 1:1) as ^uant to afford the product as a yellow solid (Hmg, 52%). 

'H-n.m^. (CDa3) 51.65 (d, 3H,/= 6,9Hz. CH3), 2^8 (s, NCHi,), 2.81 (br 5. 4H, 
2.90 (br 4H, CH^), 3.74 (s, 2H, NCH2X 5-03 (nV IH, CH), S-33 (d, IH, /- 6.0 Hfe, NH), 
VJSS-VAl Cm, 6H, ArH), 7j67 (A IR. /- 8 * ^ ArH), 7.77 (a^ IH, ArH), 7.87 <s, IR, 
pyraz-H), 8.12 (s, IH, pyraz-H), 8.39 (s, IH ArH). 

15 Bxampie 18 

ll-(6-Ul-(4^BuamphGayl)eihyl]anunotpyraz^ 
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40. 

In a procedure analogous to Example 3/ reaction of 6-chloro-N-[l-(4- 
auorophGnyl)Gliiyllpyr«is5in-2-amine (1*80 gr 7.15 inmol) and 5-hydroxymethyl 
benziixiidazQle (1,26 8^ mmol) furnished the two products which were separated by 
column chromatography using dichloromcfluinfi-meaianol (98^ - 92:8) as eluant. From 
5 the less polar fractions was obtained ll-(6-IIl-(4-fluorophenyl)ethyllaixuno)pyrazin-2-yl)- 
lH-benzimldazd-6-ylJmcthanol eis a pale yellow solid (210 mg). 

^H-n.m.r. {CDQW 51 -60 (d, 3H, /= 6.8 Hz, CHg), 4.93-5.05 (m. IH, CH), 5.4S (d, IH, /- 6.2 
Hz, NH), 6.97-7.07 (m, 2H, ArH), 7.29-7^ (m, ArH). 7.76 (4 IH, 7^= 9.4 Hz, ArH X 
7.79 (s^ IH. pyraz-H), 7^9 (s. Iff, ArH), 8.09 <s, IH, pyraz-H), 8.34 (s, 1ft ArH). 

10 From the more polar fractions was isolated [l-(6-{[l-(4-fluorophenyl)ethyt]amiiio}pyr3«in- 
2-yl)-lH-ben2amidazol-^-yl]methariol as a yellow solid (265 mg). 

^K-iwn J. (CDa^) 81,62 (A 3H, 6.8 Ha. OHs), 4.82 (s, 2H, CH2OH), 4.94^-06 (m, IH, 
CH), 5-29 (d, IH, 7- 6,0 NH). 7.02-7.10 (ia, 2H ArH), 7.29-7.40 (m, 3H, Artl), 7,68 (d, 
IM, 8.4 Hz, ArH), 7.80 (d, IH, 7« 1*2 Hz^ ^H), 7.84 (s, IH, pyraz-H), 8.12 (s, IH, 
15 pyia2^H>, 8.39 (s, IH, ArH). 



example 19 

yj}pyrazln^~andne 




20 A solution of the alcohol (0.18 0.5 imnol) in diddoromethane (5 mL) was cooled to 0*»C 
and to this was added dUsopropylethylaminc (0,13 ml* 0 JS mmol) and methanesttlfonyl 
chlcaide (46 ylU 0*99 mmol). After stirring at RT fiCKT 2!h. a further aliquot of 
dusopropylethylazxune (30 |iL) and meOianesulfonjA chloride (20 jiL) was added. After 
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41. 

Ih- H2O (ID mL) was added and the organic layer collected- The aqueous phase WAd 
extracted with dichloramethcmO (3x5 mL) and the cwrganic layers combined, dried 
(Na^SO^) and concentrated in vacua An aliquot of the crude mesylate flius obtained (100 
mg) was dissolved in DMF (2 mL) and to Ihis was added dlisopropylethylamine (52 jiL, 
5 03 mmol) and l-methylpipGrazine (2S jO., 0-45 mmol). The solution was heated at dff*C 
overnight. The soluti<>n was ihen concentrated In trscuo and the residue dissolved in 
dlchloromethane (20 mL) and washed with H2O- The organic layer was dned (Na^SOt) 
and concentrated and the product purified by chromatography using dtchlotcanelhane. 
metihanol-aqueous ammonia (95:5:0 - $5:5:1) to furnish the product as a pale yellow semi- 
10 solid (34 mg). 

"H.n.m.r, (CDQs) SL63 (A 3H, /- 7.2 Hz, CHa), 2.26 (a, 3^ NCH3). 2.45 (br 5, 8a 4 x 
CHJ, 3*62 (s,2H;CH2>, 4.99-5,11 (m,lH, CH).5.41 (d. IH, /= 6.4 tfe,NW). 6,99-7.07 (m, 
2H, ArH), 7.30-7.41 (m, 3H, ArH), 7,76 (d, IH, /- 8.4 Hfe, ArH), 7-82 (s, IH, pyraz-H), 7.89 
(s, IH, ArH), 8.17 (s, iHt pyraz-H), 839 (s. IH, ArH). 

15 Example 20 




To a solution of l-thien-2-ylethanonc {505 mg, 4 mmol) and ammonium fomiate (1,26 g, 
20 mmol) in methanol (4 mL) under nitrogen was added 

20 dichloro{petttamethylcycLopcntadienyl)rhodium (HI) dimeir (14 mgr 0.023 mmol). The 
solution was heated at refliix for 7 h. aftca: wludi time the solution was coded to toom 
temperature and aodifled to pH -2 with 2M HQ. The mixture \vaswarfied with 
dlchloromethane (3 x 15 mL) and the aqueous phase ihen basified to pH «^12 by addition 
of 5M NaQH. lite aqueous phase was extracted with dicKlorometibiane (3 x 15 mL) and 

25 the combined organic layers dried O^a^^) and concenlrated to give a pure product (280 
55%). 

yw/^€BD 127 m% 112 (M-15)* 
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SCRBBNING 

JAK Tymslne Kinase Domain Production 

J5\Kldiiase domains were produced in the following maimcn 

^1 

S Hw! kinase domgun of human JAKl was amplified from U937iiiIl!SrA using the polymerase 
dhain reaction with the following primers: 

XHOl-Jl 5'-CCG CTC GAG ACT GAA GTG GAG CCC ACA CAT^' 

Jl-KPNI 5'-CGG GGT ACC TTA TIT TAA AAG TGCTTC AAA-S' 

JAKl PGR products were doncd into the pFastBac HTb expression vector (Gibco) via the 
10 Xho I and Kpn T sites. The JAKl plasmid was then transformed into competent DHlOBac 
cells (Gibco), and the recombinant baculovinis produced prepared for transfection into 
S£9 insect cells. 

JAK2 

The kinase donwiin of httmanJAK2 was amplified from U^mRNA using the polymerase 
15 chain reaction with the following primers: 

SALX-jl^ 5'-ACG GGT CGA CGG TGC CTT TGA AGA CCG GGA T-3' 

jte-NOH 5'- ATA GTT TAG CGG CCG CTC AGA ATG AAG GTC ATT T-3' 

J AK2 PGR products were doned into tihe pFastBac HTc esquression vector (Giboo) via the 
Sal I and Not I sites. The JAKl plasmid was titien transfonned into compeijent DHlOBac 
20 cells (Gibco), and the rccoxriWnant baculovirus produced prepared for transfection into 
Sf? Insect cdls. 
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45. 

JAEC3 

The kinase domain of hiimanJAK3 was amplified from U937miaSFA using the polymerase 
chain reaction with the following primeirs: 

XHOI-J3 5'-CCG CrC GAG TAT GCC TGC C AA GAC CCC ACG-S' 

5 J3-KPNI 5'-CGG GCr ACC CTA TGA AAA GGA CAG GGA GTG-3' 

JAK3 PCR i>K^duct5 were cloned into the pFa^tBac Hl'b expression vector (Gibco) via the 
Xho I and Kpn I i^i tes- the JAK3 plasmid was then transfonned into competent DHlOBac 
cells (GibcoX and the recombinant baculovjbms produced prepared jfor transfedion into 
Sf9 insect cells. 

10 TYK2 

The kinase domain of human*rVK2 was ampHfled fixm A549 mRNA vwxis the 
polymerase chain reaction with the following primers: 

HKffiK 5'-GGA GCA CTC GAG ATG GTA GCA CAC AAC CAG GT&3' 

rrYZ2R 5'«GGA GCA GGA ATT CCG GCG CTG CCG GTC AAA TCT GG-3' 

15 TVK2 PGR products were doned into pBlucBacfEIis2A OBnvitEOgen) via tihe EcoRT site. The 
recombinant TVK2 baculovirus produced was prepared for transfecled into Sf9 insect 
cells. 

Large Scale Production Of IGnaae Domains 

Baculovirus preparations from each of the JAK family members were infected into five 
20 litres of High Five ceUs (Mvitrogen) grown in High Kve scrum free medium (Ihvitrogen) 
to a cell density of approximately 1-2 X 10^ cells/mt CeUs are infected wiih virus at a 
MOI of 0.8-3.0. CeUs were harvested and ly sed, JAK kinase domains were purified by 
affinity diromatography on a Probond Onvitrogen) nickel chelate afSnity column- 

Asday Protocols 
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Kimse 39says were performed either in a 96 well capture-based ELlSA assay or in 384 
well Optiplates (Packed) using an Alphascreen Protein Tyrosine Kinase kit. fci dihcr 
casse usii^ approximately 1^ \is of affinity purified FTK domain in the presence of 
50mM HEPES, pH 73, IQmM MgCla. ISOmM NaQ and IOmM-IbciM ATP- The 
5 biotinylatcd substrate Wotin-EGFVVTJSEEEEAYGmiDF-^^ (finid cCmcerttratLonSjiM) 
was used as substrate, Ih the ELIS A assay tyrosine phosphorylation was quantitated 
following transfer to an avidin coated ELKA plate using peroxidase-linJced 
anti-phospho-iyrosine antibody PY20. In tfie Alphascreen assay, Alphascreen 
phosphotyrosine acceptor beads followed by streptavidin donor beads were added xmder 
10 subdued light. The ELBA plates were read on a 3MG Huorostar. the Alphascreen plates 
were read on a iPackard Fuj^ion AIpA^^ InhibiiN>rs were added to the assays fifteen 
minutes prior to title addition of ATf. hihibitora were added kl aqueous DNKO. wlfli 
DM$0 concentrations never exceeding t%. 

Results 

15 The activity of a range of a>mi>ounds is shown in Table 3^ Compounds tihat exhibited a 
capacity to inhibit 50?& or greater of eruqrme activity at a concentration of 20 yM 
(measured under standard conditions, see Metiiods), are designated as Compounds 
not tested are designated ' W; while compounds that did not inhibit tmzyme activity by 
50% at 20 \sM are designated 
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45. 

Tables 



CHEMlSmY r 

^5H2aN602S 


1 


1 








Km 

0 




kdr 
NT 


bUc 
NT 


C2aH3SN702 


+ 


+ 




NT 


NT 


NT 


NT 




NT 








MT 


NT 


NT 


NT 


NT 


NT 


NT 


C22Higw 






NT 


NT 


NT 


NT 


NT 


NT 


NT 










NT 


NT 




NT 


NT 


NT 


CIBHIOMB 






NT 


NT 


NT 


NT 


NT 




NT 








•f 


NT 




#• 


NT 




MT 


Cd2H34NaO 






<^ 


NT 




NT 


NT 


NT 


NT 
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46. 

Tat>le3(cont} 



' " CHEMISTHY 






NT 


tiv2 
NT 


rtcR 

NT 


NT 


NT 


Itdr 
NT 


btk 
NT 


C16H11NS 






NT 


NT 


m 


NT 


NT 


NT 


NT 








NT 


NT 


NT 


+ 


NT 


NT 


NT 




+ 




♦ 


NT 


NT 


NT 


NT 


NT 


NT 




+ 




NTT 


NT 


NT 


NT 


NT 


NT 


NT 




+ 




+ 


NT 


NT 




NT 


NT 


NT 




* 




NT 


NT 


MT 


NT 


NT 


NT 


NT 


caomsNSO 






MT 


NT 


NT 


NT 


NT 




NT 
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47. 

Table 3 (cont) 



CHEiUNSTRY 

X 






NT 


tie2 
NT 


NT 


NT 


fms 
NT 


Kdr 
«(• 


btk 
NT 


G2QHiaFH50 






NT 


NT 


NT 


NT 


NT 


■f- 


NT 








NT 


NT 


NT 


NT 


NT 


NT 


NT 








NT 


NT 


NT 


NT 


NT 


NT 


NT 


Ca4H3qFN7 






NT 


NT 


NT 


NT 


NT 


+ 


NT 








NT 


NT 


NT 


NT 


NT 




NT 


n 






NT 


NT 


NT 


NT 


NT 




NT 


CaagH23FMB 






NT 


NT 


NT 


NT 


NT 




NT 
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48. 

Tablc3(c€mt.) 



CHEMIBTRY 






zap70 

NT 


tfeZ 
HT 


hck 
NT 


nbt 
NT 


fmn 
NT 


NT 


.btk 
NT 


C18H1SFN6 






NT 


NT 


NT 


NT 


NT 


NT 


NT 


CiaH1£FN6 


4- 




NT 


NT 


HT 


KT 


NT 


+ 


NT 


X 

C2l}HtaFNSQ 


+ 




NT 


NT 


+ 


NT 


MT 


NT 


+ 


caoHiaFKso 


m 




NT 


HTT 


HT 


NT 


NT 


NT 


KT 






+ 


NT 




NT 


NT 


NT 


NT 


NT 








NT 


NT 




NT 


NT 


NT 


NT 


CZSHg7FNa 






NT 


NT 


NT 


wrr 


NT 


NT 


NT 
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49, 

Table3(cont) 



CHEMISfWY 

Og5H27FNBO 


Jak2 
+ 




sapTD 
NT 


t$e2 
NT 


hck 
NT 


abf 

NT 


fmB 
NT 


kdr 
NT 


NT 




•I- 




NT 


+ 


NT 


NT 


NT 


NT 


NT 








MT 


NT 


NT 


NT 


NT 


NT 


NT 


"xr 






KT 


MT 




NT 


NT 


NT 


MT 


T 

C21H16N8 




+ 


NT 


4- 


NT 


NT 


NT 


NT 


NT 








KT 


•4- 


NT 


NT 


NT 




NT 








NT 


NT 


NT 


NT 


MT 


NT 


NT 


Cg4H18Na 






NT 


NT 


NT 


MT 




NT 


MT 
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Table3(cpnL) 



CHEUISmY 


JBII2 


Jalc3 


MT 


Um2 
MT 


hck , 
MT 


WT 


fvns 
NT 


kdr 1 
NT 


NT 


C20H16FN9 








NT 


MT 


MT 


NT 


MT 


NT 


C1flHl6FN5 






+ 


Kt 


NT 


NT 


MT 


NT 


NT 


CaOHlfiNB > 






NT 


NT 


MT 


NT 


NT 


NT 


NT 


i 






KT 


m 


NT 


NT 


MT 


MT 


NT 


C22HaSN70 






NT 


NT 


m 


NT 




MT 


MT 


619H15N7 






HT 


NT 


NT 


+ 


NT 


NT 


NT 








HT 


NT 


* 


MT 


NT 


NT 


NT 
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51. 

Table3(cont) 



CHEMISTRY 






wr 


ties 
NT 


ncfc 

NTT 


NT 


NT 


kdr 
NT 


btk 
NT 


CigH16PN5 






NT 


NT 


NT 


NT 


NT 


NT 


NT 


T 


i- 




wnr 


NT 


NT 


NT 


NT 


NT 


trr 




+ 


+ 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


I 

a 

^CiAi^ 




+ 


NT 


WT 


+ 


NT 


NT 


NT 


NT 








rfT 


NT 


NT 


NT 


NT 


NT 


NT 


C22H18Ne 






WT 


NT 


NT 


NT 


NT 


NT 


NT 


C£6HigP<g 






HV 


NT 


NT 


NT 


4- 


NT 


NT 
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52. 

Table 3 (cent.) 



CMBUISTRY 

csiDMiBme 






HT 


t3e2 
NT 


NT 


abl 
NT 


fma 
+ 


NT 


btk 
NT 


m 

CaOHMFflWs 






NT 


NT 




NT 


NT 


MT 


NT 


r 






HT 


NT 


NT 


NT 


NT 


HT 


NT 


^ T 

Ci!!lKl6FaN6 






NT 


NT 


MT 


NT 


NT 


NY 


NT 


C21H1Sf^ 






NT 


NT 


HT 


NT 


NT 


NT 


NT 


CS0H14ClR4a 




+ 


KT 


NT 


NTT 


MT 


NT 


NT 


wr 


caeHi4CiFhi8 


+ 




HT 


NT 


+ 


NTT 


NT 


NT 


KT 


C21HISF3WBO 






HT 


NT 


NT 


NT 


NT 


NT 


NT 
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S3. 

TabIe3(coiit.) 



CHEMISTRY 

QfclHiaFaMqQ 


Jdh2 


JBk3 


NT 


tlc2 
NT 


hcK 
NT 


Ah) 
NY 


NT 


kdr 1 
NT 


NT 


T 






MT 


Nt 


NT 


NT 


NT 


NT 


NT 








NT 


NT 


NT 


NT 


NT 


NT 


NT 


T 

CaiH16NS 






NT 


NT 


NT 


MT 


NT 


NT 


wr 


caimewft 






NT 


NT 


NT 


NT 


NT 


NT 


NT 


C21HiaN6 






NT 


NT 


NT 


NT 


NT 


MT 


NT 


CatHlSNfi 






NT 


♦ 


NT 


NT 


NT 


4> 


NY 








NT 


NT 


NT 


NT 


NT 


NT 


NT 
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57. 

It win be appredafjed by persons ©killed in the art fiiat numerous variations and/ or 
modifications maybe made to the invention as shown in the specific embodiments 
without departing ficom the spirit or scope of the invention as broadly described* Tb* 
present emtodiments are, therefore, to be considered in all respects as illustrative and not 
5 restrictive. . 
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